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The Need for the Study Attrition in engineering technology at Iowa State University is about 507o and a large portion is due to poor achievement in mathematics and in courses involving the use of mathematics. Admission requirements do not specify the quality of high school student performance that is likely to lead to satisfactory performance In engineering technology and
It is felt that poor quality as well as quantity of mathematics back ground can lead to poor achievement. The same remedial courses that are used to compensate for inadequate quantity of background in mathematics are judged appropriate for students whose preparation in mathematics is poor in spite of having taken the high school courses that satisfy the admission requirements.
Most applications for fall admission are received and evaluated on a quantity-of-background basis well before summer, but entrance tests that help to determine quallty-of-background are not given until suinmer or fall orientation of new students. Thus, the students who may have This study is directed to the problem of identifying students who may not be properly prepared to take Mathematics 50. The Intent is to make the identification in time for the students to receive remedial work that is available during summer before they take Mathematics 50 in the Fall Quarter. The identification must be independent of col lege entrance examinations which are given too late for the scores to be useful for this purpose.
The Purpose of the Study
It is the purpose of this study to identify factors which can be found in the applicants' high school records which are effective in predicting achievement in Mathematics 50. A simple method of using the factors to predict achievement in Mathematics 50 will be developed.
Those applicants whose achievement is predicted to be marginal can be encouraged to take remedial courses. This information can be given to the applicant in response to his admission request. He will then be forewarned of his chances of success and will have time to plan for remedial summer work if needed.
The Variables
The prediction variables to be considered are as follows: The program is designed to prepare high school students to meet the entrance requirements of technical institute programs. The students were originally foimd to be poorly motivated with no educational goals.
They groped in work and school after high school graduation and were poorly prepared academically for survival in the rigors of a technology program.
In the previously cited references, concern is expressed for the establishment of admission standards. Mathematics preparation is of iomediate concern, but little is said about the amount and quality of background to be expected, let alone how to measure it. Preparatory programs are suggested but nothing is indicated as to selection of high school graduates who need these programs from those whose high school background is adequate for survival in a technology program without further preparation.
Predictors of Achievement in College
The American College Testing Program, hereafter designated ACT, is becoming a popular device for evaluating high school students' prep aration and for predicting their success in college. Many colleges and universities require that each applicant for admission present ACT scores. Progress is being made In evaluating the significance of these test scores in describing the academic profile of college and university students in general and at specific schools. Studies are being made using ACT scores to predict success in bachelor degree programs, though none has been found that relates to the profile or prediction of success of two year engineering technology students.
Typical of these studies is one by Punches (4) Hendricks' study shows a high correlation (0.71) between achieve ment in the first physics course and in Mathematics 30.
A study by Grouse (2) used physics as the criterion and found high school mathematics grade average to be of significant value in predicting achievement. The only other variable used by Grouse that is available from a student's high school record was HSR.
Summary of the Review of Literature
To summarize the review of literature, it is concluded that:
1) standards are needed by which a prospective student's chances of success in engineering technology can be predicted; 2) the area of greatest specific concern is mathematics; 3) the standards imist be in terms of data available from high school records prior to admission to engineering technology; 4) AGT scores, both composite and subtest, and HSA or HSR should be included in any attempt to identify data or to set standards; 5) Mathematics 50 is a reasonable criterion to use in such a study at Iowa State University.
METHOD OF PROCEDURE
The purpose of this study is to find reliable predictors of per formance in Mathematics 50 from the data contained in the high school record of applicants for admission to one of the Iowa State University
Engineering Technology programs.
The study is limited to those students who have come directly from The following assumptions are made for the purpose of this study:
1. The scores, grades and values used to measure the variables and criterion are accurate measures of achievement.
2. The relationship between the criterion and each combination of the variables is linear.
3. The students used in the study are typical of future engineering technology students.
Criterion of Achievement
The criterion of achievement for this study is the grade earned in It requires a prerequisite of one and one-half units of high school al gebra and one unit of high school geometry. One unit is a two semester course. Mathematics 50 is symbolized as Y in the study.
The Predictor Variables
The ten predictor variables considered in the study are:
1. High school rank (HSR). This is computed by ranking the student in a given high school class in order of grade average at graduation.
The highest rank is nuiid>er one. A student's HSR is his rank multi plied by one hundred and divided by the number of students in his
class. This variable is designated as in the study.
2. ACT composite score (ACT Comp). This is the average of the scores of the four ACT subtests. These tests are normally taken during the first semester of the senior year in high school. This variable is X2 in the study, 3 . ACT mathematics score (ACT Math). This is one of the four ACT subtests and is X3 in the study. 4 . ACT natural science score (ACT Nat). This is another of the four subtests. It is in the study.
ACT social science score (ACT Soc). This is the third subtest
and is X3 in the study. 6 . ACT English score (ACT Engl). This is the final subtest and is Xg in the study. 7 . High school geometry grade average (HS Geom). The grades for the two required semesters of high school geometry are averaged for this variable.
The same numerical scale is used as for Mathematics 50. This is Xy in the study. 8 . High school algebra grade average (HS Alg). The grades for the three required semesters of high school algebra are averaged and con* verted to a numerical value as described for Mathematics 50. This vari able is Xg in the study. 9 . High school mathematics grade average (HS Math). This is the average of the five required semesters of high school mathematics. The 13 same numerical scale as described before is used. This variable is in the study. 10 . Number of semesters of high school mathematics (Sem Math).
The numerical value of this variable will be at least five, which is the minimum number of semesters of high school mathematics required for admission and to fulfill the prerequisite for Mathematics 50. Students entering with less than five semesters of high school mathematics will be required to make up the deficiency by taking remedial work and will be eliminated from the study. It is possible for a student to have eight or more semesters of high school mathematics, but each must be of college preparatory level to be included in the data. This variable is in the study.
Each of the variables is available upon graduation from high school and is requested by the Admissions Office before enrollment. Table 1 shows the means and standard deviations and Table 2 is the correlation matrix. A summary of the regression analysis is shown in Table 3 . All com binations of the four predictor variables chosen above are listed along with the F ratio, multiple correlation (Ry) value and standard error of the estimate for each. The best combination of each group of four, three and two independent variables is identified on a basis of largest F and Ry and lowest standard error.
It should be noted that, while X3X9 is the best two variable com bination, it cannot be used later in testing for loss in predictive The variable that is eliminated from the four variable equation in arriving at the three variable equation is HS Math (X9). Table 5 shows the results of the multiple regression analysis using these three Independent variables. Table 6 .
The value of the F ratio indicated in Table 6 The four independent variable equation will provide prediction of performance in Mathematics 50 with a standard error of 0.84. That is, the predicted grade point will not be wrong by more than +0.84 grade point for two thirds of the students studied.
The multiple regression equation to be used in the remainder of the study is repeated here for convenience: Y = a^X^+ 33X3 + agXg + a^QXio +ŵ When more than three variables are involved, as in this study, the process is repeated for each additional variable.
The requirement that the variables be linearly related for applica tion to a nomograph must be considered. The data for each independent* variable used in this study were randomly sampled and plotted against the 
and p = Ct + agX^, The distance between any two of three lines is arbitrary and will set the spacing of the third line. Repeating the process of using the third line as the first in the next set of three will eventually deter mine one dimension of the nomograph. Only the expressions required for determining the spacing of the third line will be given here since the derivations involved are beyond the scope of this study.
In order to determine the spacing of the third line from the first A predicted Mathematics 50 grade between 1.5 and 0.5 is designated as "doubtful" for Admissions Office purposes. These applicants are in formed of their potential weakness and encouraged to visit campus for further counsel and testing. A predicted Mathematics 50 grade of less than 0,5 is considered "dangerous" and these applicants are encouraged to take remedial mathematics before starting a normal program or they will possibly be denied admission.
Use of the nomograph is outlined below.
1. Align a straight-edge from the point on the HSR line representing a student's high school rank to the point on the ACT Math line repre senting the student's raw score in the ACT mathematics subtest.
2. Note the point at which the straight-edge crosses the a line.
3. Align the straight-edge from this point on the OL line to the point on the HS Math line representing the student's high school mathe matics grade point average.
4. Note the point at which the straight-edge crosses the^line.
5. Align the straight-edge from this point on the^line to the point on the Sem Math line representing the number of semesters of high school mathematics taken by the student. 6 . Tho point at which the straight-edge crosses the Math 50 line is the predicted grade for the student in Mathematics 50.
Persons using the nomograph should be reminded of several precautions in selecting the data and interpreting the results. pecially the standard errors, might reveal some insight not gained in this study which includes the last six years.
The Engineering Technology Department plan is to add the data con tributed by each new class, delete the oldest data and repeat the anal ysis.
Since the class size is larger currently than when the earliest data were collected it would appear that a sufficiently large sample could be maintained using only data from the last three or four years.
It is interesting to note that this study supports the findings of Brown and Wolins (1) that the ACT subtest scores have special value in predicting achievement in special areas. Since English is an area in which engineering technology students are often weak, yet the communi cation skills are fundamentally important to them in industry, it might be profitable to relate English achievement to ACT English scores and other variables from high school records.
The only disappointing factor in this study was the standard error.
The criterion (Math 50) and the variables (with the exception of HSR) 35 are all exclusively mathematics oriented measures and the obvious dif ference between the criterion and the variables is college performance versus high school performance. This leads one to recognize that stu dents with measurably similar academic backgrounds in a specialized area will react to the freedom and independence of college life with consid erably different academic performance in the same specialized area. The possibility of finding an instrument to account for this and similar psychological factors is an Intriguing one for further study.
SUMMARY
The purpose of this study was to identify data found in a student's high school record that can be used to predict his achievement in Mathe matics 50. Mathematics 50 is the first in a sequence of three mathematics courses required within the first year of subjects in the engineering technology programs at Iowa State University. Data from the high school records of 256 students were studied. These students started engineering 
